Background: This retrospective study evaluated the effect of adjunctive administration of brimonidine 0.1% on disc hemorrhage (DH) in patients with primary open-angle glaucoma or normal-tension glaucoma who were already treated with other anti-glaucoma drugs. Methods: Patients with DH, before adjunctive therapy with brimonidine, were enrolled. Subjects were excluded if their treatment regimen was changed within 1 year after initiation of adjunctive therapy with brimonidine. We investigated the frequency of DH and intraocular pressure (IOP). Both parameters were compared before and after adjunctive administration of brimonidine. Results: The frequency of DH before and after brimonidine administration was 0.67±0.68 and 0.31±0.72 times/year, respectively, with a significant decrease (P=0.01), and the mean IOP before and after brimonidine administration was 12.5±1.9 and 11.2±2.2 mmHg, respectively, (P=0.0006) with a significant reduction after adjunctive administration. Conclusion: The results of this study supported the hypothesis that the frequency of DH is reduced by brimonidine alongside lowering of IOP.
in intraocular pressure (IOP) lowering effect between them. 13 To best of our knowledge, there are no reports of the effect on DH occurrence of adjunctive administration of brimonidine 0.1%. Therefore, we carried out a retrospective study in which brimonidine, primarily used for adjunctive treatment in Japan, was investigated to determine whether adjunctive brimonidine decreased the occurrence of DH.
Methods
Of the NTG or primary open-angle glaucoma (POAG) patients undergoing treatment at Fukui-ken Saiseikai Hospital and Shimamoto Ophthalmology Clinic (Fukui City), patients satisfying the following criteria were included in the present study. The eligible patients: (1) had been diagnosed with NTG or POAG; (2) had had a DH at least once between glaucoma diagnosis and brimonidine administration; (3) had been monitored for at least 1 year without any change in their glaucoma treatment after adjunctive brimonidine administration; (4) had been observed 4 times or more per year; (5) had no retinal disease or corneal opacity; (6) had not undergone laser in situ keratomileusis or glaucoma surgery during the evaluation period after adjunctive brimonidine administration; and (7) had a baseline mean deviation (MD) value of −25 dB or more. The diagnostic criteria for POAG were 1) more than 21 mmHg IOP mostly three times without any glaucoma medication. 2) open-angle, 3) Glaucomatous optic neuropathy (GON) with corresponding visual field loss, and 4) the absence of other optic neuropathies. The diagnostic criteria for NTG were 1) 21 mmHg or less IOP mostly three times without any glaucoma medication. 2) open-angle, 3) GON with corresponding visual field loss, and 4) the absence of other optic neuropathies. POAG and NTG were diagnosed according to the guidelines of the Japan Glaucoma Society and the European Glaucoma Society. 14, 15 The follow-up period consisted of the pre-administration and post-administration periods. In each case, the post-administration period indicates the date from which brimonidine was adjunctively administered until administration was finished patient underwent additional treatment, or until January 31, 2016. The pre-administration period indicates the period running backward from the administration start date for the same duration as the post-administration period ( Figure 1 ). If both eyes met the study criteria, the eye with the lower MD value at the start of the evaluation (i.e., the eye with the more advanced glaucoma) was selected as the test eye. This study was approved by the Institutional Review Board of Fukui-ken Saiseikai Hospital and adhered to the principles of the Declaration of Helsinki. Informed consent was obtained from patients using the "opt-out" prior to the start of this study under approval from the Ethics Review Board. The clinical registration ID is UMIN000026406.
The study parameters were: the number of DH (in times), frequency of DH (in times/year), IOP, gender, age at the start of administration of brimonidine, eye medical history/surgery history, follow-up period (in years), times of visits (in times), frequency of visits (in times/year), concomitant drugs, concomitant procedures, presence of complications, and adverse events.
DH occurrence was confirmed with fundoscopy and photographs captured with a fundus camera (CR6-45BM: Canon, Japan, X-10; or nonmyd WX3: Kowa, Nagoya, Japan). The frequency of DH was the times of DH occurrences per year. Until the hemorrhage was absorbed, a given DH was considered a single DH occurrence. If there were multiple DHs at the same time in a study participant, each was counted as a single DH. IOP was measured with a Goldmann applanation tonometer.
Adverse events included complications that worsened after the administration of brimonidine, and deterioration of clinical symptoms and abnormal clinical laboratory test values obtained after the administration of brimonidine.
For statistical analysis, Wilcoxon rank-sum tests were used to evaluate the duration of evaluation (in years),
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Brimonidine was adjunctively administered = Figure 1 Follow-up periods. The post-administration period indicates the date from which brimonidine was adjunctively administered until administration was finished (patient underwent additional treatment, or until January 31, 2016). The pre-administration period indicates the period running backward from the administration start date for the same duration as the post-administration period. number of evaluations, frequency of evaluation, and number of DH before and after treatment with brimonidine. Wilcoxon signed-rank tests were used to compare the frequency of DH and the mean IOP before and after treatment with brimonidine. A P value of less than 0.05 was considered statistically significant. All statistical analyses were performed using SAS statistical software (version 9.4 for Windows; SAS Institute, Cary, NC, USA).
Results

Patient Demographics
Twenty-two patients (9 men and 13 women) were eligible for enrollment in the present study ( Table 1 ). The mean age of the enrolled patients was 66.2±11.5 years. The distribution of glaucoma types was 17 patients with NTG and 5 patients with POAG. Pre-and post-administration periods were 1.84 ±0.74 and 1.77±0.76 years, respectively. The numbers of visits in the pre-and post-administration periods were 9.82 ±6.28 and 9.91±7.23 times, and the frequencies of visits were 5.22±1.44 and 5.71±3.44 times/year, respectively. There were no significant differences between the periods for any of the aforementioned parameters. Concomitant use of other anti-glaucomatous medications included 7 patients with one other medication, 6 patients with 2, 7 patients with 3, and 2 patients with 4 ( Supplemental  Table) .
None of the patients experienced complications. The patients' ocular-surgery histories included cataract surgery in 6 eyes, as well as trabeculectomy, and retinal photocoagulation, each in 1 eye. No adverse events were noted in the present study.
Mean Intraocular Pressure and Frequency of DH Occurrence
The mean IOP before and after brimonidine administration was 12.5±1.9 and 11.2±2.2 mmHg, respectively (n=22, P=0.0006) (Figure 2A ), and 12.2±1.9 and 11.2±2.1 mmHg, respectively (n=17, P=0.0145) in only NTG. IOP was significantly lowered after the administration of brimonidine. The frequency of DH before and after brimonidine administration was 0.67±0.68 and 0.31±0.72 times/ year, respectively (n=22, P=0.0100) ( Figure 2B ), and 0.65 ±0.71 and 0.40±0.80 times/year, respectively (n=17, P=0.0420) in only NTG. The frequency of DH significantly decreased after administration of brimonidine. Figure 3 shows the times of DH occurrence before and after brimonidine administration; 6 patients with none DH, 11 patients with single DH, 4 patients with 2 times of DH, 1 patient with 3 times or more of DH before medication; 16 patients with none DH, 4 patients with single DH, 1 patient with 2 times of DH, and 1 patient with 3 times or more of DH after medication. There was a significant difference in the distribution of DH before and after brimonidine application (n=22, P=0.0062).
Times of DH Occurrences
Discussion
IOP and the frequency of DH significantly decreased after the administration of brimonidine. Miyake et al have reported that IOP reduction via trabeculectomy significantly decreased the frequency of DH in patients who had either POAG or NTG. 16 After a median of 13 years of observation, in patients with ocular hypertension, the cumulative incidence of eyes experiencing at least one DH was lower for the anti-glaucomatous medication group than for the non-treatment group. 4 Based on the aforementioned findings, it seemed that the main factor in decreasing DH frequency was the IOP-lowering effect of adjunctive applanation of brimonidine. It has been reported that continuous elevation of IOP leads to posterior deformation of the LC 17 and causes RNFL and capillaries to be damaged DovePress particularly at the upper and lower polarized LC where the connective tissue is sparse. 18 In another study, deformation of the LC was 11.1% in POAG without DH, whereas it was 88.9% in POAG with DH by optical coherence tomography (OCT), and the location of DH occurrence was related to the deformed part of the LC. 19 With adjunctive administration of brimonidine, IOP and the frequency of DH decreased and distribution of DH was changed and made better. According to post reports, IOP reduced after administration brimonidine 0.2% and timolol 0.5% but there was no difference of occurrence of DH between 2 medicines. Therefore, other medicines may also make the frequency of DH significantly decreased after administration. 13 Visual field defects can progress despite the lowering of IOP, it is possible that factors other than decreased IOP, such as circulatory impairment, could be involved. Brimonidine acts on α-2 receptors and suppresses the activity of adenylyl cyclase via G i protein. It has been shown that brimonidine, in addition to lowering IOP by decreasing intracellular cyclic AMP levels, is 5 times as potent as oxymetazoline as a vasoconstrictor in human subcutaneous arteries with diameters of less than 200 µm, 20 and that brimonidine can decrease nitric oxide-mediated vasodilation in small arterioles in the retina. 21 With 1 week of topical administration of brimonidine, most of the vitreous samples from a group of patients contained a concentration of more than 2 nM, which has been shown in animal retinas to activate the α-2 receptor. 22 The brimonidine concentrations in vitreous samples were comparable with the free concentration of brimonidine in the posterior retina/choroid in pigmented rabbits. 23 However, it is ethically difficult to detect brimonidine concentrations in human posterior retina/choroid. In a comparison of patient groups with and without application of brimonidine before an intravitreal injection, subconjunctival hemorrhages were less common and less severe in the brimonidine 0.15%-treated group. 24 Therefore, one action, other than IOP lowering, that decreases DH frequency could be the suppressive action of brimonidine on blood vessel dilation in the small vessels of the retina.
There are some potential limitations of our study. First, this was a retrospective study that used inclusion and exclusion criteria. There is a possible bias based on the specific inclusion and exclusion criteria applied, as well as the referral of specific patients by ophthalmologists. Second, some instances of DH may have appeared and resolved between examinations.
There is a little possibility that the examinations at 3-month intervals in this study may overlook DH. Kitazawa et al demonstrated that mean duration of DH was 10.6 weeks, 92% of all instances of DH were present for at least 4 weeks. 25, 26 Third, the evaluation of changes in visual field defects was not possible because such changes attributable to DH are believed to occur 3 years later. 5 Furthermore, the inner layer of the retina was not observed using OCT. However, the patients' backgrounds were made as consistent as possible by, for example, adjusting the pre-and post-administration periods and selecting patients who did not change their treatment regimen after initiation of the adjunctive administration of brimonidine.
In the present study, it seemed that the decrease in the frequency of DH was due to the reduction of IOP, and it was also possible that a retinal vasoconstrictive effect caused by administration of brimonidine was involved. Because DH is a risk factor for visual field defects, in the treatment of patients with glaucoma not only must IOP be monitored but the retina, especially the peripapillary region, must also be regularly monitored and recorded using a fundus camera. When providing appropriate treatment for glaucoma, it is very important to consider the progression of visual field defects after DH and to enhance the IOP lowering effect of medical treatments.
Conclusion
The results of this study supported the hypothesis that the frequency of DH is reduced by brimonidine alongside lowering of IOP.
Abbreviations NTG, normal-tension glaucoma; DH, disc hemorrhage; RNFLD, retinal nerve fiber layer defect; LC, lamina cribrosa; RNFL, retinal nerve fiber layer; IOP, intraocular pressure; POAG, primary open-angle glaucoma; MD, mean deviation; GON, glaucomatous optic neuropathy; OCT, optical coherence tomography.
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